Objective: The aim of this study was to evaluate thiol-disulphide homeostasis in patients with Multiple Sclerosis (MS) during attack and remission. Design and Methods: A total of 82 patients admitted to our clinic were divided into 2 groups according to whether they are having an attack or not. Peripheral blood samples were taken from all patients and their native thiol, disulphide and total thiol concentrations were measured by a newly developed automated method. In addition, their disulphide/native thiol, disulphide/total thiol and native thiol/total thiol ratios were calculated. Results: The average disulphide values, disulphide/native thiol and disulphide/total thiol ratios of the patients with MS who were having an attack were found to be significantly higher compared to those in remission (p = 0.001, p = 0.001, p = 0.001, respectively). Conclusion: Our results have shown that thiol-disulphide balance was shifted to the oxidative area during the relapse. These homeostasis parameters, which can be easily measured by this newly developed method at low costs, may be important in terms of showing the disease activity and presenting the underlying mechanisms of the disease.
Introduction
Multiple Sclerosis (MS) is a chronic inflammatory immune-mediated demyelinating disease of the central nervous system (CNS), affecting more than 2 million people worldwide. The disease affects the brain, spinal cord and optic nerves in the CNS. Patients with MS exhibit variable clinical course. The majority has a relapsingremitting disease course characterized by intermittent neurological disturbance (episodes of acute worsening, relapse, attacks) followed by progressive accumulation of disability that affects social and occupational functioning. MS is the most common cause of non-traumatic disability in young adults [1] [2] .
Although various pathophysiological mechanisms such as inflammation, oxidative damage, excitotoxicity, demyelination, remyelination and axonal damage are considered to be the underlying cause of multiple sclerosis, the exact etiopathogenesis of the disease is still unknown [3] . The increased number of evidence has shown that oxidative stress plays a key role in the development of the disease by contributing to the degeneration of oligodendroglia and destruction of the myelin. Inflammation causes oxidative stress and oxidative stress causes inflammation and results in demyelination [1] . Clinical signs and symptoms of MS are the reflection of the pathological processes including this inflammation and demyelination [4] .
In MS patients, many previous studies have evaluated some oxidative stress markers including an individual pro-oxidants and antioxidant parameters [5] - [9] . Oxidative stress is characterized by imbalance between ROS (radical oxygen species) and anti-oxidants. Therefore thiol-disulphide homeostasis is very important. Because this makes possible to evaluate the redox imbalance. Up to the date, only one side of this double-sided thioldisulphide balance has been measured by the method developed by Elman and Lysko [10] . Both of variables can measured one by one or cumulatively with a novel automated method developed by Erel et al. [11] . In this way, oxidative status can be fully evaluated.
In this study, we have examined the changes in thiol-disulphide homeostasis of MS patients in remission and relapse.
Materials and Methods

Study Design
A total of 82 patients with MS admitted to our neurology department were included in our study after receiving written informed consent form from them. All of the patients were diagnosed with MS according to the revised McDonald criteria. Patients were divided into two groups according to whether there is a relapse of the disease. Patients were considered to be in the relapse phase in the presence of newly emerged neurological signs and symptoms lasted more than 24 hours and in the presence of lesion with contrast observed in the MRI. Patients were considered to be in the remission phase if they have no new neurological signs and symptoms at least 3 months after the last attack and no lesion with contrast observed in the MRI. Patients with active infectious, renal or liver disease, diabetes were excluded from study. None of the patients were smokers. The study was approved by the local ethics committee.
Following the 12-hour fasting period, blood samples were taken and centrifuged at 1500 g for 10 minutes. Serum samples were separated and stored at −80˚C until the analysis was performed. Serum thiol-disulphide homeostasis (thiol-disulphide homeostasis) was determined by a new automatic measurement method developed by Erel et al. In this method, firstly, only dynamic and reducible disulphide bonds (-S-S) were reduced to free functional thiol groups (-SH) by NaBH 4 . The remaining of unused reductant sodium borohydride (NaBH 4 ) was consumed and removed with formaldehyde. Then all thiol groups including both reduced thiols and native thiols were detected after reaction with DTNB [5, 5'-dithiobis-(2-nitrobenzoic) acid]. Native thiol (-SH) and total thiol (-SH+-S-S) concentrations were measured. Half of the difference between total and native thiols ensured the dynamic disulphide amount (-S-S). In addition -S-S-/-SH, -S-S-/(-SH+-S-S-) and -SH/(-SH+-S-S-) ratios were automatically calculated [11] .
Statistical Analyses
SPSS 20 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corporation) statistics software was used to evaluate the data obtained. Descriptive analyses were presented using mean and ± standard deviation (SD) for normally distributed variables. Intergroup comparisons of normally distributed numerical variables were performed using Student T test (for comparison between two groups). The significance levels of the tests was accepted as p < 0.05 and p < 0.01.
Results
Clinical characteristics of the patients in the phase of remission and relapse were summarized in Table 1 . Thiol-disulphide profiles of the patients in relapse and remission phases were compared. As it can be seen in Table 2 , both mean disulphide values (-S-S) and disulphide/native thiol (-S-S-/-SH) and disulfide/total thiol (-S-S/SH+S-S) ratios of the patients in the relapse phase were found to be significantly higher compared to other patients in the remission phase (p = 0.001, p = 0.001, p = 0.001).
Discussion
Oxidative damage play a key role in neurodegenerative diseases [12] . Oxygen is essential for life, but its metabolism leads to production of damaging oxygen radical products (radical oxygen species-ROS). Protective mechanisms against ROS have been also developed. The imbalance between ROS production and antioxidant mechanisms was defined as "oxidative stress" by Sies in 1985 [5] [13] . Oxidative stress occurs when excessive amount of ROS is produced or the capacity of antioxidants is reduced. Due to the high oxygen consumption, low amount of antioxidants, high content of polyunsaturated fatty acids sensitive to peroxidation, rich iron content that may catalyze the oxidative damage, the central nervous system is susceptible to oxidative damage [6] [7] [14] . Measurement of oxidant and antioxidant parameters in the plasma gives us information about oxidative status. Thiols are essential tamps of antioxidants [15] .
Thiols contain functional sulfhydryl group (-SH) which is consist of hydrogen and sulfur atom bound to a carbon atom [16] . Plasma thiol pool consists of albumin, protein, cysteine, homocysteine, glutathione, γ-glutamylcysteine and cysteinylglycine [17] . When oxidative stress is increased, thiol groups of proteins get into oxidant reactions through oxidants and turn into disulphide bonds. Formed disulphide bonds can be reduced to thiol groups. In this way, dynamic thiol-disulphide homeostasis is maintained [18] . This balance has an important role in antioxidant defense, detoxification, apoptosis, signal transduction, regulation of enzymatic activity, transcription and intracellular signaling mechanisms [19] [20] .
In earlier studies, increased levels of oxidative molecules [6] [19] and decreased [21] [22] or increased [23] levels of antioxidant molecules in patients with MS have been presented and the relationship between oxidative stress markers and both disability [19] and subtypes of the disease [7] has been investigated. However, to the best of our knowledge, a report related to the thiol-disulphide homeostasis in MS has not been published, so far. According to the in vitro studies, imbalance in thiol-disulphide results in proliferation or apoptosis at the cellular level [24] [25] . In fact, the thiol-disulphide homeostasis may be impaired in MS patients. To date, thiol-disulphide homeostasis could be measured unilaterally [10] , but now the method developed by Erel made possible to measure the both variables. In this method, the classical Ellman reagent was modified by adding formaldehyde solution. In this way, sulfhydryl groups can be determined using modified Ellman reagent [11] . In the present study, we measured native thiol, total thiol, disulphide levels using this new method and calculated disulphide/ native thiol, disulphide/total thiol, native thiol/total thiol ratios in MS patients. We found that disulphide and disulphide/native thiol and disulphide/total thiol ratios were significantly higher during relapse than those in remission. The increase in the disulphide, disulphide/total thiol and disulphide/native thiol ratio show that the redox balance system shifted to side of disulphide band formation. This increased oxidant status is compatible to information that inflammation leading demyelination can lead to oxidative stress and vice versa [1] .
MS pathophysiology is a dynamic process including damage and repair mechanisms. The interaction between damage and repair mechanisms determines the clinical course of the disease [26] . Relapses causing acute or subacute clinical dysfunction and peaking in days or weeks followed by partial or complete remission of symptoms and signs are characteristic to MS [4] [26] [27] . In the absence of fever or infection, the presence of new neurological signs and symptoms recently emerged or reappearance of completely or partially improved symptoms and signs, lasting at least 24 hours and then improving in approximately 1 month is considered as relapse Table 2 . Thiol-disulphide profiles of MS patients in relapse and remission phases. (acute attack). Sometimes, the examination of patients cannot put out that the existing findings are whether attack or not. In this case, contrast-enhanced magnetic resonance imaging is performed. New T2 lesions that are newly observed in MRI and the presence of lesion with T1 contrast are considered as attack [27] . Although BOS examination is not very preferable since it is invasive, this examination performed in the first 30 days after having an attack presents the mild lymphocytic pleocytosis as well as increased leukocyte infiltration biomarkers (CXCL 13, MMP-9, CXCL10) and tissue damage markers (NF-L, MBP) [28] . In particular, the MBP is important to show disease activity [29] . Today, due to the increased role of MRG and its significance, BOS examination has become an auxiliary diagnostic method used for diagnosing diseases. Diagnosis of attack is based on medical history, physical examination and MRI. Our results show that thiol-disulfide redox balance system has shifted to the oxidative side during acute exacerbation of MS. This may be important in terms of showing the mechanisms underlying the disease and disease activity. Therefore, we believe that measuring disulphide, disulphide/total thiol and disulphide/native thiol ratio in MS patients on their admission could beneficial for clinical assessment. It can become one of the auxiliary tests used for diagnosis of relapse. On the other hand, the correction of thiol-disulphide imbalance by administering additional antioxidant medications may be benefical in managing treatment of the multiple sclerosis and the reduction of the frequency of relapses. Some limitations of our study include the inclusion of relatively small number of patients who admitted to a single center and the lack of longitudinal follow-up the patients to determine whether alteration of homeostasis could be predictive value for relapse, disability, clinical course, response to treatment, disease subtypes.
Moreover, this is a first study evaluated serum thiol-disulphide homeostasis in multiple sclerosis. We believe that this study opens up new way for understanding of the underlying physiopathological mechanisms of MS, and for the identification of potential new therapeutic targets. However, further research is required.
Conclusion
The results of our study showed that oxidative stress plays a major role in MS, and thiol-disulfide balance has shifted to the disulphide band formation during acute exacerbation of MS. This newly developed test can be used as a novel oxidative stress marker in MS patients with clinical relapse. Moreover, it is a cost-efficient and easily accessible method.
